k Lk O |= (l-2kXitkx) >O 
kx, O bk 


For admissible deformation, we take 
PF 2k kack ond kx7-| 
[24.5 | AME LL 


EEN "PS 
— e "rm A EE NP AE ees Ha n reme mt AE E 


| D Ox, 
d - | J 
| ~ bk: | OX, | >L 
[cxa CX, | | 


ES bex + CR: T abx E (LOUER. x, 
For finite X, 5 A23 Xs This is poss t ble for 


suiricienty ! small sS b,c. 


ed 


2-4.3 | 


deny) sin & die Ka 
SW 


EE 
- E 20 For Coo , C> y 
Coh For c«O, Crh. 
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274.4 l- Kx, - Kx, O 
J=l2yvk,x, Hek.vx, -2Vki%, »0 
| O KoD EEN 


Or | 

J= lx E Dex AL ) ext x CO + X86 Y»ol 
The terms ( ) all contain combinations ct Ki Kz, Ks 
and D< 3) . Hence i " K , is Ks Qe sufficiently 


Small , J»O for finite x, y X2. 
2-4.5 | - Ox, 8 Ox, 
J = Ox, | Ox, > O 
C b* - 6% y b^-o* | 
[OX Nene as / ex erre ) ME 


Or | Z rA KA 2 
J: [- GÀ ] 26%, x, x, + Ox" - ate | +Ox> 20 
| (e XL 95a)» (G- o] MECH x, | 
| since ot-b* zU 5 JE C) provid ed | 
tace D Yd +O) : 
EENS E SLE - B 26x, %% | 
This condis is satisfied for the usual 
torsion Problem | OG ««]| ana x, , Xz 
typical range. | 


X4 OF 


) 
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2-4.6 
L(C)=C,C, 
= 4,4, BO jy Vig Capen 
= ree Aig ape y 
BIO a, (c) 
L(C)- 6,C,C, 
i Gig ig jy 0,0, 0, C C, Con 
= Dan 0,50, C pC nC on 
CCC re) 
2-4.7 


By expanding the matrix and finding the determinant, it is straightforward to prove that 


l= A, + Ay, + A;, = Ay, 


i= Ay, A,, " A A; " EN A, 
i A, ai |4; A;; A 4, 
] 2 
- (4) -(4,4,)] 
A, A, A 
Lil, ES 4 A,, Kä 
Az; Ay; A; 


=- (2(4,Ap4u)-3(4u4,4 )+ (As y] 


ij JE 


https://gioumeh.com/product/structural-steel-design-a-practice-oriented-approach-solution/ 


2-6.l 
| By Co, EE y Given data yields 
0.004 =0.002(#) +0.002 (0) + (-.oo2 5) 


* £&4(0) PE (8) E Cast 
Be €, = 0.0035 | 
0.003 “0,002 (8) +0.002 (5) + 2€, C£) 
[S = -0.001666 | 
6.001 — + 002(45) +€.002)(4) 4 
2€,0) + 2€, (4) + 2€,, (5) 
- -(0.001 1333 | 


C 


t X^ N' ) [rs SEET e AESCT "AN 
Tn ——————— 
n - NO U,- a) + (vty, S) um 
Let y=O ,x=eL . T 
LL o -V(L«u-uYa(v-wy -L 
L L 
ME e s 


expansion | 


© 2lu SN 
L- 


df DU << Là N TN. K& - binomial 


yie lds to tire dearen terms Ta A.M 


MIN co IMs 
L 
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£76. m p 2- -6. 5T. and given dato. 
dt t6kx,)dx, + kdx, 
i dé, = (Le Kx, )dx, + kdx, 


dE, kdx, + ([«8*x, )dx, 
(a) = it, * dE. + dE | 
* e od, Ad] | 


: | (l46kx, \dx, + k dx, | 
+{kdx, 4 ( Ms" 


MF = 2{(8)- |= 4 a eo Kx) + Kn] 
«CI M n, 4 kn, | 4 MESTRE + kn] 


St 


Or - 
MF =2(42k 4 155kK* |= 7k 4 BERR o 
e CG. | Q -b > 
| o) J- det(S + Be ls «à | EC 70 | 
«8 "e 
e -c Il 


b) by Eq. (2-8.1), (C VI 2MR& = (du, 4 Usa) Ne and 
Discarding quadrotic terms ^ - ME: =) 


nunt QN: 7 bn, 
= S d "4n, tns =| 
N, = DD, + n, + CN, SO, D +N, +3 = 


N, = Di "n. 4 na 


ER SOLI cont inued PS 2 
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| When os bs D sms: 
EEN 3 1 O07 | 
EN JelO | 1 [= 3241) le 
25: NA 


D steam MF- Eua Na Ne 
(N.N,, Na) = mn d) 


€ 4, € 7l, Es 2, EE E a Te 


= (4414243-\)F e D 
da *_ 
44)-|.2MF-7 + dae 2.65 ds 


Relative elongation e; = Cite ds. = 1.65 


C) Za "s Ü , A. | Hence, by Ea. (2- 8. |) 


3N.N:0 => N=-= 


NONO = > Ms". 
-Na+ 2N,= I C MF MF Not Known 


From N'«N, «Ns H: A e Hence, 


N* s. Nix . Then, Vi+2MPF = -N,+2N, 


PCS angle 9 gwen by Cos OQ = EL Pu . 
sei + (OAF) (Ota  O0-5a74 


ER Eq. 2-6.) ; final angle Ọ given 
by (42MEYI+2MR) cos = cosO + ans m. n 
By Eq 2-6.15, MF, "Cm =4 and ME - 3 
from port b . Therefore , 
[63 corG= t. 2(4.e\e "^R 4/5 
cos O= Sr = 0.8755 B a 2421 | 
7 8-6 = 298+54.749 = -25.52? 


e 


MF = Cog Na Ng = (4484242\5 = $ 
[= Cen + 2&,, My Ne 
cs 6- Cm) Els) +80 =0 


GER MEME eus M. H, | 
Es | | is LVAN I 
P» EEE) + CX Ys) + 2X0) + (XAXA + (RYE) 
= (2 74.0825 | 
cQ Us "420 “el 
YVEN = (S, s us, Ne O=3N, Haf 


Vi42MF = 4N,4N, 
O=-N,+2N, ==> N= 2N, 


i 2 2 P "M i 1 L 2 4 
m NN +N) = SN, = | ) N= 5 , N ss 
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| Da 0.002 d Eo em 00133 5 En -0.002 


Lo. — = m m 
Soo Ly 600 2o00 
T a p ux pee 2 E 
T ©00 SCO E 7*0 O 
Ed un Sele 2 
2000 (So 500 L 


216 x10 Q -432 xl Lt -4494x10L +3228 =O 
-das 0.005 36095 
L, =0.00068842 
t= PELO Lr 


2-12! REN, ; m=N 3. n-NQ 
By the theory of Art. 1-23, let 
He ME, -LN IN? +NZ-1) 


where L is Lagrange Multiplier and Mf. SE, N.N 
Hence, 5 
TN m 
AH. £€,, Ne -Z2LN,=0 LO 
where | 


x<=1,2,3 wrth NUN JAI, Fac) yelds 
after multiplication by H 
NE Ex 3 NO Ns - Extreme value ch MIN 


where by Eq Co) ; necezcary and sufficient. 
conditions tor nontrivial soludion for Nu is 


| E L Eu M 
det (€. .-$ lr c. ety & [70 
| SIT | us (&.-L) 


Or LE +3 L gi -() yields Jee, extreme 
Values c (^t, (see Te esev of Art. 2-1) 
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2 -2 0 
J=]3 3 O|*6(e-6)-72 >0 
GS 4 


displacement is admissi ble. 


Hence , 
e) €,:6, €2.76, Eas T LE ME €, 7 E7 0 (0) 
(cy So | 
F(L\= | § T =(F-L\(%-l2L+L-F)=0 
© o (Lë 
"e (Z-L)=O 5 4U*-48L4+ I470O 
6 O LIZ5 ., Lasbë 5 Les AE are principal stress. 


of the eq uations 


C) The direction COSwe Ore bhe solutions H ) 


i (€. -L,) NEC x eu NP * €. MD =O 
€, Mr + Bas Nz” + (6, son BÓ 


QNO LOT e Tu)", (c) 
yield 


—— 


L,*U.5, Eq la) and (b) 


For CS? H 
WE NU" «2.5 NP sp so 


2.5 NO t (1.8 ) NE L0 $0 


O +4 O 4 t3 - $) NS = 
‘The £i rs id ot these AE Ore 
only if YH = = NJ? = z © 
? ND = from Ca (C) 


for EE J = So 
-2.5 CN 2.5 NO O 
2.5 NO -25N™: 
aha 9 
N? ui ad Log t [N2] 
5. N, = No e T? F 


Con Siztant i £ Q ec) 


Foe J: 3 3 L= 35 
G) 


es Ny + 2.5 Ny =O 
Ze H "szet e = NPs -pO 
Gs S s Se Hi 20 
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TP | 
+ fF | 


| 2-1.3 conet. | 
Hence - NS IE , Ne = 
For right -handed coordinates system the principal axes in 
the undeformed medium are 
NO j ND = 5 No = | 
(2 2 TEM " 
NO =e 3 Mi: ov Neo (d) 
(31 / à GOAL L (2) 
N =f 3 N: *[z L Na LU 
(d) In the Undetormecl medium ) Hive pene pel Gyes are given | 
b m — (5 | 
Y S VG2MA WE CL SEHR H (e) 


with the awen displacements and gi DE: =L; we 
with Eas (d) and(e) | +he prie pal axes in the 


Obtain J 
deformed Medium. 
ayo ON t A 
Ty = No =O 3 meet 
Dia 20 i Käl 
oM l 
The cubic element in the ody whose angles 
has Sides with 


Are preserved Under the strain 
ara lel to the princi pal directions. Hence, | 
directions. Thus with pet 


: dive ctions 


we Must compute principal 
! strain 5 ee KÉ TEE 5 Is andl È -J, L^ + J, De 
| loecomes L?- eL -8-0 Where common WW e? wi 
been removed from Ce S 
OL = (45) «10% A L,- (I-V8) x IO. Ly -2 x IO 
Thus Eqs of Art. 2-I1 yielded with L*L, 4L, , bk, 
respectively. 
dis i Mm c 
BF O(S+V5 | B= 0 ) V 


ey 3 U0: ih a 
LG: 


Lë O ; i.” | 
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https 3 | 


Displacement is admissible . 

b) By Eua (us, T Maus i: um -— : 

Eus. E. E. kae e « Gero y OO EL S 
(G-L) - 


A 9 
Pale | 7 
Z 


O o ( 
4q 


2 
vm, = m d nae 
Luo T+ zo Los 3 hiseper /65 
= 5.03] LE e 
(C) 


V 
= —0.031l 
Ihe maximum principal Strain is 4 


‘The direction tines (N, 5 No « H." corres pond ing to L., | 
are Given by ~ 


(4 -V65)N, - 7N,*O 
-7N,-(44+V65)N,=0 
Na 

d Hd 


SA _ +(4-VEE) na 

ET ETH a e e aaa, 
^ 4130 - & dë f Na TER © Jes 

N,=O 
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wal The elements 1 and 2 are shown Wi figure E | 


The now mel to the octohedral | 
plane 1S Lë. E) Since 
Element 1 is per pendicul ar to N, 
[SOIRS + NUM, Eme ec 
| OMM | 
| Hence, since MiM? M Fiat 


Mette , M5 
| A\so , since Element 2 is 
a(L4 Es g La ) =0 
ML +M =O 
L,-L, =0 = Los. 
L+l.+L,=0 = Liu eL cL 


Rifas d XX] 
j N 3 EI? 


A 
| 


Y^. Element Vd 
(Mia MaG) | 


Gu 


LO ss 
` "NS "a -7 å 
- Luz: E, L,== fe 5 5** G 
Since Element | and 2 are perpendicular and since | 
Cae, o 5 Eu ES rea Ca Cp 0 : 
Das 2€, Ma be =2(E, ML, «€, Le SIE €,) | 


ME = Eua MM, = EM? +E, MG +E mE (6, +E) 
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By given relation 


= (Say + Be) Xx = Sey Ky T bn Xat U | 


Ax = Dos Xy or Up = Dur XL 


b) 


By a aa on of CuL 3 CO kL 


if ou OU "ES 
eu" iege + Su | 
OU 


"MS Qu, m AN = 
Oku ~ 2 OX. dh AM p 


CA By definition ot ur 


€,» HI äi 4 2U. — Aus Sue | 


SLE Eur + Du ur 


& 


*9 & 


For Ey ~ Ey, , Sum in Quadratic terms | 


in Ber must be negligible Compared to 


linear Sure Bu. d- B. e 


d) ror Gier bk a Eier = 3(l+l+l+l+!)=2 =e 


and e-L e e 
le e-L œe 
WM le e e-L 
or 3 : 
Lo 9e wD / 


“, The principal strains are L,=3e, L,=L,=0 | 
This result holds fov ol Xu - Since m 


inde pendent ot As The principal direct ions | 
Ore given by the re lot lons 


(e LONP e H eh, -0 

e MI + (e-LOÜNP + eN?- O0 

e ell + (e-Lz) NP = 

MRE [Noy 1 

For L7 3e = 2 ` N = N, = gd + + Fs | 
L,-0 5 Es =() Is <atisfied bY any two mutually 


perpendicular axes that are also sagt 
for example directions 


to direction (E, B.B) 
tod zi -2 
 rz.0) ) (i6 , i& ) fe) 


| 2-18 | e-L se 2e 
B EN 
F(L)-|2€ e-L te 
ze ze e-L 


d 


ST 3 2 A 2 e 
L Sel + Ze L ge O 

principal Strains are ` 
| The equat ions Which determine princi pal directions 
ND. are ; 


(e-l; IM" ke + teN. = =Q 
ieN e Lo) NË «ie oO 

t eN? +3 eM. + G-LONZ = 
(QV ON OK 

(NPY 4 (Ney + ONE) = 


For Lie, t (6$, S 


= os 5 
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: Z | are principal directions 


P » T A , we get ‘L + d ER m S 4 S, Ex -o. 

| Also , SU A UY EUS cl, Sesa sl . | 
LEN direction cosines thot satisfy these conditions 
Idefine pr inci pol directions. Any two mut ualy perpendicular} 
directions "tes C. which ore also. per pendiculor to the 
direction Sa moy be taken as princi pal directions. 
In other words, the strom ellipsoid ` Lëck 2-10) is an 
ellipsoid of revolution about the &-oxis. 
KKH 


E 
= ETE * 
BW X "X«*u 

NR | y* = y+ v 6058 + wsine ; 


z" = Z -N-sin6 + wCose | 
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gel | The displacement Components are given as 
u=- xw, ved N^ -vz*) , We R,VVZ 


For small displace ment theor volume rototto WS 
Qre given by (where lug | << 1 : | Oso | << 1 ) 


aw  Lräm _ay\. Më 

d. = Oy = We E ew kr = 2. (R, + 2k, ) 
= Lu Geh — 
= Wy = ou * 2 ($2 Is 0 


oO -©-| 
l 


z= de" ETC Ab z (2,4) 


or bw (where EM is suff icrent ly small to allow 
O Taylor series expansion of gd = arcton| Qe + 


Sp Fe | to first deqree terms in Wx a ) 
b, acctan WO, = arctan|, Y? (k, + 2k, ) | 
$y T arctan Wy = LI 
d. = arctan Og = areton? (2+ 


EXE 
; L 2 pA € 
Given us: ER, V*-C,ZY ; We ZO (x+y) +C 2^ +C 


For elei, lojl«1 


Ai 


CN 


Pee 
mme 
een 


$, Z Ge? 23 = Z (wy 2 
$ 


Wy SS og, = Zu, - eo.) 2 - CX 


d [PE Qs -z(v,-u, )* O 
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| 


E fave dee wesen oF 
LO IS x. y^ eis o Under dis P lace ment U, V | | 
Ws for a point (p) on Sphere X= X , y> Y, | 
g >Z 5 om oO? | 


where, | 
Á-* X4U, EE ER > Z=ztw J o *- a4 4a 
Since 
usOx40N +a, Ve bx +b,y +b, , e 
w*C,X-* Coy +c, |, we note that (GAS 


X= (Ae )x TOY taz 
e b,x + (+b, dy + Osz 
Z= Cx 4y «(Ice 


f 


Hence, each port p on the i 
| Spherical surface Trans f. rms | 
| into a point p? at distance 

| O' trom origin ot coordinate 

| system . Hence A 


X «Ys ACT tO + a2 | 4 
bx b.) y + bal Z 
«ex C; y + OTTEN = (oi 


o" viiäoaeeAkiue? +y (142b, +a, 46, +2) + 


+ z*(l«Zc, « oz 4 b? « c?) 4 £xy (o, +b, + 0,0, + bb, wt 

p CY z(a,4 C, * Q0, + b, b, ga E SE (b, 4 Ca t Qz Gg +b, b,+ 
+ SA = (of | 
eX €, +yEy (27€, 4 SEM + xz ff 


ës 
uf le 
+t Ye "x 2 


ZS 


where. e Ey e. Ae constants e This E ey uation of 
q uad codic surface provided strains remam Pune e 
i for C. = cy = e = € 5 wie obtain 


ù (o *) - o* 
Cry a xy PO xe De tye be - Le 
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—— ———————— ————— EE C———— en s S DEEG DEENEN em -— de dci 


[2-13.4] we must have 


| puit. Q 7 €x, 
J = O [etx TEx 70 
Ex, Ex,  l4C€Àx, 


T- ([-€x, [leg X1 £A )4 (ExT (En Ñ] 70. fen 


n The condition EX is excluded. 
(a) Consider case |- €x. 70 N Oe E 


seu , Of o<l 
| Hence 5 Eq (a) becomes 
SU, AC- §)|> - (ex) - - (ex, (b) 
EU Eg (b) must held for all (x, , x2) 
: Sl I ACISS)] 70 


bemgel ers 


A?-1-3 ^ € X. | 
| where O<ex, «1, Ex, FL. Since O« 3<1, Asil 
| sotisfies J>0 for O<ex,< í. 
KI For case 1-€x, <0 ; we have ex, 71 
Let €x,= 14$, S»0. Then J 70 
da ailes CD. A(4+S){ + (€x Ya (EX, Y «o | 
EET A(145){ > Séi + (ex,) (c) | | 
once E CS must hold for al del \ and tor x70 | 
S(44 A(L4§){ ze | 
. For finte 8, 124 A(1«498) 70? 
A vc 


Consequent | y; we must restrict the proble 


——— 
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-i3. 4 Contd | 
| ES with We and O«€x,«1 , Tor small dis placements 
Eu" © * Eg = - CX, 
Ea = Es Ban 0 Hence, J,--3ex,, D, - 3e"? 


12 
de Sets 
(d) For small dis place ment theory 

$e, 9 o, Gu (uuu) * EX 


^A c - zs ub S = - 

Ox, =- Gly = 3, = SZ Cu, Us ~ EX, 
ww = "es R = 

d, = Wa = Wi2° Z Cu, U, | = 0 


[2 -13.5| 
IMP TUNE NEUEM MEUM | NI lal 


Consider the octo. hedrol pk NOMAI WN reiative 
| 1o principal OAKES X. ( Fig ) Any | ine in the octahedral e 
| plane satisfies the ditis. X : 
| 3 


E ^^ 


: NS nile ve od | 
or Ly+l,+l,-0 (a) MLB) 
land LS + LO 4 LG = | (b) | 

e $. | 


|where L, SL , = 5 L, ) T Unit vector 
jin direction of L. Hence ; by Tu L 
| Lagrange mult i plier method, trom function, 


Fe Ta KG Lula) e Cli Li+ LT - 1) 
| where P NM are Lagrange multi liers - 

Pond Thy 72 €, Nabe (Le, G8; La, ) (c) 
| Since he are principal DEOS Now 


oF . OF . OF =O yess 


9 2 Ò | 
itas: mI com EE steel- design- a- practice- f Gencbükapproach | so1ution/- 


Be, the 2U k=O 
Se, + 22V, L st (d) 
E.t Ns a A, =O 
Addition ot Eq (d) yields, with Eq (a), | 
f$ (6€ 6s) * 3k, =0 J NT - Ag (£4 €4* €4) el 
Multi | plication of first , second ond Anicd Eqs (d) ^N | 


L, hi P533 respectively and addition yields ) with 
Eq m , Uo, we (C) 


Chae ail (ore aor TE = "hn. (£) 
Hence , Eqs (d) €) and (E) yield 
2 
GE, £ 
m NS = ee Ze E E: 


Ge 2. (lg. 
L= eg =- yF leer eres] @) 


> | | 
PE A cd-t - 2 "m a 
L3 ZU a St E dE Z z 


7 Squaring and adding Eq (9) , we obtain with Eq (o) 
= lte, ET (€,-€,) + (€,-€,) | 


| Hence , | 


Tot Gu leret eee ee T | 
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Cos "Ra - sin Rz 
Sin RZ Cos Rz xR coskz =y Rsin R= 


eo, -xR Sin Re -yRoos bell 


Ó O 1 


= Cos kz +sm°Re =f 70 


TEE: placement is ad MiSs! ole. 


eg 
€,*€,-€,-0 
| 2 | e 
EZR MÉM , E zRy 
€= TRY 
hence, / Y 
Q Ó UzRy 


: (c) The volumetric Strain is 
e= J+ 235,+40, 


where 
J, = Eyt € * €, = DRY) 
J; = K Ciz * E (es 3t BE die ` € -Eh 
"2 GN T ZR’ x^ = - aR GM!) 


J;*0. « eap. 
D Dy the second of Cas. (2-5. 3) and the QW € 


disp! lacement Components , with UU, $4 ys Uz 
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W=U, ond X=X% , y*X,, ZFX, | 
7U, 7 Sin Re Letakbes =2 SINRZ ; 
2 Wen Usa Uas c (cose ls Rlysin Re) | 
r M - x sine) - e(ycos Re) | 
— By e keck 
207 Ch xoshz pa div +ycos Re). 
+ A (sns, l 
p Eval 
By Eqla) ot example 2-13.1 and E«.(2-5.3) 
= JOC , Gaas 2C y Sag = Sin = OF , 6.7647 O 
| (2,,2 7 Ws, 7 L, C25, EE UO TO = © 
| (0) Consider fiest the line element paca lel +o the 
: X3 OY\S . Then analo gous +o Eqs. (a) and (b) cb 
section sar 


d5, 
tan EECH =O , tan Ban Zei das 


and 


dE = (Cite, da, + (ez t W3,) dx, 
d$. = Ce, 40) 9%, + (4+ e, ) dxa 


- tan € (1 Lee, )dx, + (ezt T dx, 
uomo a ee 
MEC e, + toi )dx, + Cle eas )dx, 


CAM VES Sp SES =p vi E a d 4 eia | 
tan P, = L tanb -n Bay o _ 0-0 . | 
Arl ' X T | +t Tan Ox, lan x l-90 -- © 


pes dxa + alog 
ton bn E Coa (l+ ej, )dx 


Kg i 
[/stioumeh. con/product/s ee, let Gee ldta-ctal Cas Al asch L Cove el / 


b pn i larly, 


RCEP: 


O 
= Caton) + (+ en) dyer Su = Eza toes jj 
(+e, lä le +) tae, ten | 


This problem is worked out in detail 
in Art. 2-15. The results are Summarized 


T Ca (2-15.13). 


Më Consider a set of primed axes xi | 
Such thot the transfor mation matrix between | 


the pr imed ond un primed axes is ove . Therefore | 
In terms ot the primed coord woes , A= Ome Us | 
. - 4-( 99« + We | 
" I 263 B 


P" 0» PON i S f iN ~~, f 7 
= 4] Mex) ak, 4 Olang a) BK | 
Dut the Qus ore constants cvery where 3 hence 
"MR EE Ou, = / 
Exe "X O ma Ang IKL m o Xx. J 7 A mae Ong Emn 


+roanaforms Qs a Second- order tensor. 


Eur A(L-x,) = Se (a) 
= E ~ 9 2 

C, - B(L-x)5^ Si: (b) 
eg E; =O Since Use LI 

| E "Dr Ev + = (C) 

Integration ot Eq (a) ond (b) yields 

w= ACLx,- X) ty (x) (d) 
u B(Lx,- x, x,)+ X (X) (e) 


substitution of Eq (d) and (e) into (c 
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25.3 coUa 
| vk.) - Bx, HX =O 
oc yx,)- By = TX (xy = c = const. 


Pd d 
DG V. am EE 
? | 
or Y= E 4cx,9 D , X=-cx+E 


where E and D are constants. Hence 
T A Lx, - x) + a + Cx, + D (£) 
u,*B(Lx," xx, )- cx, + E | 
u, (0,0) = R yields 0-0; u,(0,0) =O yields E=0]| 
and BD O)= +4 SL or » i eco =O yields | 


Kik Q 


oe 1 Qv d Cas (€) Ore. simplitied accord v ly. 
Es a Given: 


= = cy (L- xs $2 (a) 
Ey = Dy(L-x)* Zi (b) 
ET DE ak o b (C) 


Integration of Ce (ol and (6) yielà 
Us exCLx - £) + y Gy (d 
v= x Dy?(L-x) + X(x) (e) 
BEEN Eqs (e) anc Á ito (c and o ping 
H(x) + Gas 
H( x)= XW +e(la-% )*-E (£) 
Give ra D, 4 (c+ DM(A*-y?) =E O) 
where Es constant. MEN 
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Hence , integration of Cas. +) and (o) yields 
Pei RSs oed lef 
-Xoys-c( RE - SEA Ex+ J 
where FL J ore constants. Hence. | 
uz ey (ac )a ($c Dy +\E- (c+ D) AY Ju E (h) 
y= $ Dy2(L- x ) -c(& ` x) - Ex «J (C) | 


For U (0,0) = = © ; F=© ) for v(0,0) =O =O, UE O; 
and for Ey (0,0)=0, E=(c+0) Æ and Eqs (hy and C are | 
| modi i^ red Oc cord i mal aly. | 


E [5.5]  Gwea: 
u*-Kxw. w= k+ b o- xi). UE K, bx, x. 


The rotations Ore 
BY w= ESE > BH) = Ek 2 x) 
- BS (kit 2 k;) 
$,* a, £(3X;- AE £(o0)*0 
r z (2k, K +k lr? E xe] 


cm Ws, QM - SW 4 3U 
"3 3x 70 BP. T =O 


cM ƏV . 
Ve? 3 cm R Ec - © 
Integration Er 


U= vc( L- -Z dually, 2 ) (0 
f-z)y 4 


lttps: / /gioumeh. con prodeat is xig SEHR designi- a- praesepe oridhelg 


"esee Ce dE 


"E, 


KS IS.G ees 


ws -c( Lz - SE, (xs) (3) 
GE ah) , ases). (4) 


$us. iW ee "M = M 
3x CK + 32 + 3X 6) 


32 
oN, MY ---cy + 39(4,2) | ahl) o (€) 
9* QN 


SA a 29 zd 
y 


she) Sol. 3er), ZC) 


T 3x 
f (v EA y Z (2) + PN CS (7) 
a(x,z) = -xÉ (2) +E, le) (8) 


no Eq (7) and (5) yield 
= EX yZ AZ, + deeg, -Q 


EE: 
Ov Z. = const = C, .Z.-20,« C, 
Z. = conci BE Z,-eC, +C, 
“WOK + CN 4 C + it) epp 


Ee “VCR = Cy Cs (4) 


| "HORE Ix do EI Y, G9 
By Eq (c) (8) and (9) 
-NcCy- xL, + Z. -cx + Y, =O 
Z,+Y, - ~cy - 2c,x =0 
no Q0 0. Y- ey =-25 = const. = C, 
Kë a * Cs Y + Ce 


2,7 -CeZ + C. 
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NS 3c(X-2)y s Ca X T Le S t C4 
» 2. elei E rA 
ws:-c(fg-£)j, ME, YS "CX + CS y TC 
The terms 


C3Y t€. ea 


Qo LI $C 


represent a rigid body dis placement, 
For u(0,0,0) = v(0,0,0) = w(0,0,) ; we require 
Gaa ih For w,(0,0,0)=0 , ete. 


H 


Lb s (9. 902 ar av). +] Wey «es + Vey + ce | 
e ©,(0,0,0) =O = Cs 
y= S (3B - ev = len 4c, - Dex +c, | 
Wd (0,0,0)= c, =O 
uz Ch Ce? 
c&(O0,0, 02 -c, = A 


For Asti, Geo, Then od body displacement 


Vanishes since oll terms in rigid body 


dis placement ebe Ser, 
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u= ACE - zx) "A E t Cay 4 C; 4 C4 
v=Alxy-¥)- AZ - C,X +C? + Ce 
= AC yz 4E) "E NE -CX - Cay + C7 


For USVewsO ot xe yr270 , G7 C,=c,=0 


" E = om + Cao t Cox Cez 
(a) if we take Cxe = 7 Cae 5 then 
GA ees H quadratic in Cae: Hence the 
qa Gui es Cael NOn isl . 


/ (5) Tn case (a) Cxe is quadratic ^ GÉIE Hence , the. 
: quent ‘cS Cup vanish - T We dis cacd quadratic 


terms in eg 5 they We d 'S cec à everythings O | 
pucr eme —O—————— ———À | 
ree : 


emt ` pg en 


Gwent us -(| T CoS D Y ys 9 
N= A Sin - (L- ces 9 y 


| W=Q = Const 
| Then EK = -(I- cos d C22 = Sy = -(I- cos d 
| NES 


GE 
Sr 3x ) =O 
1 


13 
€ 


Li 
ONSE iml ON AA 


for download complete version of (all chapter 1 to 13 ) click here. | 


! 
| Although LAN. wl IS Q rigid body disclacement due 
de D uobsbon © anale Q about the = axis ; d yields 


non zero volue of Cxe 


| | ue G Ce cm. an uo | 
do & «4 (GT Y BY [0m OS Cem | 
gmi lachy GE Giz = €; Ea tO | 
| Se Rigid bod y EN ploce ment yields E =O 

ic) Hence large rigid body vitetions (cos @ is not approx, 
equal £o one) produce Zero Values ot E . However | 

the linear approximation Cus cd C xs does not vanish 

‘identi cally ; 
FEES ~ 


Tma e a m aaam a oe — nn 9 l e se DÉI - e Ee e e d 


(ic) We must use 


Se £u, i: Ag yx + Uo x Gen | 


c) Tn the deformed region de direction of the le is 
: Given D MEE "e Q d Le | 
SuSE d Ju, 2MF = ( dua 4 ^ Ne 


GER Sc olution/- 


The direction Cosines Ne of the line in the und eat 
region Ove Oen by the equations. 

: N € N,-0 ==> N,=- 2N 
Oz" VI+ 2MF = VI+ ZMF 
Na =O 

Nea Noel 


ra 
= Nazp, Ne 
tong = Na -2 


) 
| 


=> MF- -$ 


E 
& 
6 = archan (^2) = 16.56? 


(I \ 
TAS IT 
position 


Final position 
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